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发现有 29 个基因注释到 KEGG 的细菌趋化性通路上。其中绝大多数位于染色体
上，少数位于质粒上，包括：6 个甲基趋化受体蛋白 MCP，1 个组氨酸激酶 CheA，
1 个偶联蛋白 CheW，14 个反应调节子 CheY，2 个 MCP 甲基化酶 CheB，2 个
MCP 甲基转移酶 CheR，1 个趋化受体谷氨酰胺脱酰胺酶 CheD，1 个鞭毛定子
MotA 和 1 个 MotB。分析转录组数据发现，BaP 诱导下 MCP 表达均有不同程度
上调，其中 MCP2035（JI59_RS02035）和 MCP3030 （JI59_RS03030）差异性
表达显著。通过以上分析，我们获得了参与 US6-1 完整趋化通路的一系列基因
和蛋白。 
2. 为了确定在 US6-1 对 PAHs 趋化过程中起作用的 MCP，我们分别运用
SMART 和 Phyre2 数据库对 US6-1 甲基受体趋化蛋白的高级结构进行预测，得到
了 MCP3030 （JI59_RS03030）和 MCP18870（JI59_RS18870）配体结合域（LBD）
的三维结构，两者都为 4 个 α 螺旋束。MCP 配体结合域的预测有助于趋化底物
的确定。 
















简单化合物的趋化现象 3h 内就能检测到，而其对多环芳烃的趋化 4d 后才能观察
到。造成这种差异的原因可能是多环芳烃的难降解性，说明 US6-1 对多环芳烃
的趋化可能是降解依赖的。 
4.定点敲除 US6-1 组氨酸激酶基因 cheA，以此来探究 US6-1 对苯并芘趋化
































Polycyclic aromatic hydrocarbons (PAHs) are a large group of organic 
compounds comprised of two or more fused benzene rings bonded in linear, cluster, or 
angular arrangements, which originate from natural and anthropogenic sources.  
They have toxic effects on foods and environment. Biodegradation is the most 
efficient way to remove PAHs from the environment. Chemotaxis is the mechanism 
by which bacteria temporally detect chemical gradients and swim toward higher 
concentrations of attractants or lower concentrations of reprllents. Bacteria 
chemotaxis contributes to the metabolism of substrates. Many bacterial strains have 
been found they exhibit chemotaxis toward aromatic compounds. Novosphingobium 
pentaromativorans US6-1 is an excellent bioremediator, which can metabolize 
different kinds of PAHs for its growth. In this paper, the chemotactic genes, 
chemotactic proteins and the chemotaxis toward different chemicals in strain 
Novosphingobium pentaromativorans US6-1 were studied using genomics, 
transcriptomes, site-specific deletion and other techniques. The main results are as 
follows: 
We analyse the chemotactic genes and chemotactic proteins based on the 
complete genome of strain US6-1, 29 genes were assigned to bacterial chemotaxis 
pathway of KEGG, including 6 MCP, 1 sensor kinase CheA, 14 coupling protein 
CheW, 1 response regulator CheY, 5 MCP related protein and 3 flagellar related 
protein . Most of them were encoded on the chromosome, and a few chemotactic 
proteins were encoded on the plasmid. In addition, we compared the transcriptomes 
with or without BaP. In contrast to the control, the gene
 
expressions of MCP were 
up-regulation in different degree. The significant differential expressed proteins were 
MCP2035 (JI59_RS02035) and MCP3030 (JI59_RS03030). The analyses showed the 
strain US6-1 possessed many chemotaxis genes to form a complete chemotaxis 
pathway.  

















and Phyre 2. From the results, we got that only MCP3030 (JI59_RS03030) and  
MCP18870(JI59_RS18870) possessed ligand binding domains (LBDs). Both of the 
two LBDs were predicted to adopt a four-helix bundle fold (4-HB). The prediction of 
LBDs
’
 structures is helpful to understand the molecular mechanism of chemotaxis. 
Drop assays and swimming plate assays were used to detect the chemotaxis 
towards simple compounds and PAHs of the strain US6-1. The results showed the 
strain exhibited chemotaxis towards several simple compounds after 3h incubation, 
however, the chemotactic responses to PAHs were observed after 4d incubation. The 
difficult degradation of PAHs leads to a slow chemotactic responses. This suggests the 
chemotaxis to PAHs may be metabolism dependent. 
In order to research the link of chemotaxis and degradation of BaP, we 
constructed a non-chemotactic mutant, US6-1ΔcheA, by disruption of sensor kinase 
CheA in strain US6-1. Compared to the wild type, the degradation rate of BaP by 
US6-1ΔcheA was makely decreased, suggesting that chemotaxis strongly affect the 
degradation. 
 Genetic site-specific deletion and cloning, expression techniques were used to 
explore the function of MCP18870. At first, we constructed gene mcp18870 deleted 
mutant. According to chemotactic assays, we found the mutant lost the chemotactic 
response to catechol. At the same time, MCP18870-LBD gene was cloned, expressed 
and purified. Fluorescence spectroscopy analysis indicated that the LBD of 
MCP18870 specifically binds to gentisic acid. Based on the results, MCP18870 is 
involved in triggering chemotaxis towards catechol and gentisic acid in US6-1.  
Keywords: Novosphingobium pentaromativorans US6-1; chemotaxis; site-specific 




















1 PAHs 简介 











性[5]，已经越来越受到人们的关注。 早在 1976 年，国际癌症研究机构（IARC）
就列出了 94 种对实验动物致癌的化合物，其中 15 种属于多环芳烃[6]。7 种多环
芳烃化合物被列于我国水体优先控制的污染物之列。 
1.2 PAHs 来源及分布 





























大气中的多环芳烃以气、固两种形式存在，其中分子量小的 2-3 环 PAHs 主
要以气态形式存在，4 环 PAHs 在气态、颗粒态中的分配基本相同，5 以上的大
分子量 PAHs 绝大部分以颗粒形式存在，附着于空气中的微粒上[12]。马万里于
2008 年 8 月至 2009 年 7 月对我国的 10 个城市（哈尔滨、北京、石河子、兰州、
西安、成都、拉萨、南昌、昆明及广州）大气中 PAHs 含量进行了测定，结果表
明，16 种 PAHs 在我国城市大气中均有不同程度分布，其中含量最高的是菲、荧
蒽和芴。同时，北方 5 城市大气中 PAHs 的年平均浓度为 251±126 ng/m3，高于



































图 1.1 PAHs 在环境中的来源[10] 
Fig.1.1 Origin of PAHs in environment 
资料来源：Hussein I. Abdel-Shafy, Mona S.M. Mansour, A review on polycyclic aromatic hydrocarbons: Source, 
environmental impact, effect on human health and remediation, 2015.03. 
 





近年来降解 PAHs 微生物的研究主要包括两个方面，纯培养的 PAHs 降解菌
的研究和降解菌群群落结构的研究[24]。降解污染物也从单一污染转向了不同
PAHs 的混合污染。就纯培养单菌而言，到目前为止，国内外已分离出多种具 PAHs
降解能力的菌株，如 Maeda 等[25, 26]发现 Sphingobium sp. KK22 可以降解菲以及荧
蒽、苯并蒽、苯并荧蒽等高分子量的多环芳烃。Vila 等[27]在受污染的海滩上分离
到一株对 2 环、3 环、4 环 PAHs 降解能力较强的分枝杆菌 Mycobacterium gilvum 
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